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THE TYPE 1500-A ('ountiiig-Rate 
Meter is the first General Radio instru¬ 
ment develoi)cds|XHnfieally for the compara¬ 
tively new, but rapidly growing, field of nu¬ 
clear ph>'sics. P'lmdamentally, it is a fre- 
(|uency metL'r that indicates, in counts |xjr 
minute, the rate at whicrh nuclear trans¬ 
formations occur in a radioactive material. 
In 1940 General Radio engineers, in coo|K'ration with interested 
ph\T5icists at the Massachusetts Institute of Technolog>’, designed an 
improved counting-rate meter.* Several such instruments were used 
on war projects, including a blood preservation program that ulti¬ 
mately ^‘saved more lives than were snuffed out at Hiroshima and 
Nagasaki.’’* The di'sign ased in the Type 1500-A Counting-Rate 
Meter* Ls esst*ntially the same, except that certain instabilities inherent 
in the original design have Ixien eliminated in the pre^sent circuit ar¬ 
rangement. 

The iiLstniment is direct reading and covers the rangt' from 5 to 

*A. F. Kip. A. Q. nmuqiMt. U. D. Evans. W. N. TutUe. Aertew of Scientific InutrumunlM, Vol. 17. No. 
9. STiSaS. Sept.. 194U. 

*J. G. Gib»on II and U. D. Evami, Trchnology Review, Vol. 49. No. 2. I>ec.. I94fl. 

*A. G. Housquet. “Radioactivity Meier for Nuclear Research." ^lecfnmir tnduhtrien. Sept.. 1946. 

Figure 1 Panel view of the Type 1500«A Counting«Rate Meter 
with counter tubs plugged in. 
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20,000 counts per minute. It includes an 
aural monitor, a regulated, adjustable 
high-voltage supply (400-2000 volts), 
and a (pienching circuit to jxjnnit the 
use of either a “self-tpienching” or a 
**non-.self-<iueuching” Ciciger-Mueller 
counter. I'he cquipmcjit is notable for 
its ease* of operation. A major feature is 
provision for o|ierating a 5-ma pen-and- 
ink recorder, such as the Esterline-Angus 
Model AW Graphic Instrument. Con¬ 
sequently, while data are being accumu¬ 
lated, the presence of an operator is not 
required. Results can be interpreted 
later from the j)ennanent record. 

The Geiger-Mueller coimter tube that 
actuatc.s the frequency-meter circuit is 
mounted, with its quenching circuit, in 
a prol»e at the end of a foilr-foot*cable. 
Kor easy interchangeability and short 
Icails, the instrument Is desigiu‘d pri¬ 
marily for use with a coimter that ha.s a 
four-jirong tube base. Other designs of 
counters can be used, however, since 
connections to the socket can easily Ik* 
made. Three plug-in type counter tubes 
am now available for use with this 
instrument: the Type 15tX)-P2 Reta- 
Hay Counter, the Sylvania GR-302 
Reta-Ilay C’ounter, and the General 
Radio Type 1500-P3 Gamma-Ray 
Counter. 


Rgur* 2. CharocteriKlic response curve of a Geiger- 
Mueller counter. 



HOW COUNTERS OPERATE 

The operating characteristics of Gei¬ 
ger-Mueller counter tubes differ marked¬ 
ly from those of other tul)es familiar to 
the electronics enginecir. Since these 
characteristics determine the nature of 
the associated circuits, a more-or-less 
detailed knowledges of them is necessary 
as an introduction to the circuit de¬ 
scription of the counting-rate meter. 

Atoms undergoing nuclear transfor¬ 
mation radiate either particles, quanta 
of energy, or l>oth. The radiation may 
consist of the higli-s|)eed positrons or 
electrons of beta radiation, alpha par¬ 
ticles, gamma rays. X-rays, or neutrons. 
The radiation is di‘tecled by its primary 
or secondary ionizing effect on the ga« 
in the Geiger-Mueller counter, which 
consists of a cylindrical metal cathode 
and a coaxial wire anode enclosed in a 
ga.s-filled chunilK*r. 

When the counter is tiesigned primari¬ 
ly for detecting lx»ta particles, the co¬ 
axial anode is supported at one end of 
the counter anti a very thin ‘‘window'” 
is placed at the other end to allow the 
beta particles to enter without too great 
a loss from al)sorption. The ratio of 
particles al)sorlK»d to the total is deter¬ 
mined by the window density. In the 
Type 1500-P2 Beta-Ray Counter the 
window is of 1-mil (O.(X)l-inch) alu¬ 
minum-alloy foil (about 7 milligrams 
l>er square centimeter). Beta particles 
ionize the gas directly by collision. 

Counters designed for detecting gam¬ 
ma radiation and fast neutrons need no 
window', because the ghuss envelope and 
the cathode are to a largi* degree trans¬ 
parent to these rays. Gaimna rays, or 
photons, are ffashea of electromagnetic 
energy which eject photo electrons from 
the surface of the countertulx? cathode 
in the same way that light causes the 
emission of electrons from a photo-sen- 
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sitive surface. Soft gamma ra>'S (X- 
rays) are alj^orlxid by the gas in the 
counter, and ionization takes place lje- 
cause of the altsorfition j)rocess. Fast 
neutrons ionize the gas directly. Cosmic 
rays arc also detected with eitli’er the 
gamma-ray or the licta counter. 

These two conventional types of 
counter ari^ not efficient detectors of 
alpha particles and slow neutrons. For 
the counting of alpha particles, an ion¬ 
ization chamlKjr is ordinarily u.sed. 
Countere for slow neutrons use a boron- 
trifluoride gas, with which the neutrons 
react to prmliice alpha particlas, which, 
in tuni, ionize the gas. These and other 
specialized types of counters can be 
easily connected to the counting-rate 
meter. 

QUENCHING 

When sufficient voltages is applie<] to 
the Cieiger-MueUer-counter electrodes, 
the electron from the ionizetl atom is 
attracted to the anotle and in its migra¬ 
tion collides with other atoms of the gas 
and causes further ionization. As a re- 
sidt, there is an avalanche of electrons, 
which low’c'rs the potential of the anode. 
This change in |)otentia] of the anode is 
detected by the rest of the circuit, and 


used as a mciusurc of the radiation re¬ 
sulting from a nuclear transformation. 

The positive ions travel relativelj^ 
slowly to the cathode, where they may 
eventually cause the emission of second¬ 
ary clc(!troiLs. These, in turn, would l)e 
attracted to the anode and cause multi¬ 
ple or spurious discharges if proper pre¬ 
cautions w'cre not taken. In self-qucnch- 
ing coiuders a small amount of poly¬ 
atomic va|)or with high electron affinity 
is introduced into the counter. This 
vapor aljsorbs the secondary electrons, 
and the discharge is quenched. In non- 
self-quenching counters the e.\temal 
circuit is designed to maintain the anode 
potential at the low level long enough 
to allow the complete neutralization of 
the positive ions, and the discharge is 
quenched. 

In self-quenching counters some of 
the molecules of the quenching vapor 
break dowm to less comple.x molecules 
each time a discharge is quenched. The 
life of this type of counter Is consequent¬ 
ly a function of the numlxir of ‘‘counts” 
detected. It is usually alxnjt 5 x 10* 
counts, which corresponds to a thrive 
months* life at about eight hours p(*r 
day operating at 10,000 counts |x^r 
minute. The non-self-quenching counter 


Rgure 3. Functional schematic circuit diagram of the Type 1500*A Counting-Rote Meter. 
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18 mon* roliable ovtT lunjj; piTiuds am I is 
k'ss alTcctetl l»y teinjxTuturi* aud over- 
voltagt*. 

Thi‘ rliaracloristii* oiirvc* of Figiiiv 2 
shnws I In* counter Milx* resiMUisc as t he 
ii|)|ilie<l voltajce is varied. The discharge 
is properly qu<‘nched, and the response 
is quite constjuit over a fairly wide 
plateau for l>oth types of counters. When 
the voltage is excessive, the quenching 
action is inadequate, ami the counter 
will go into an unc«)ntrollcd discharge 
that is either interinittent as indicated 
by the rising characteristic due to spuri¬ 
ous counts, or (ontinuous as shown by 
the dnaiping cluiracteristic with even¬ 
tual al)rui)t failuie in res|)onse. 

The Type loOO-A Counting-Hate 
Meter o|)erat('8 with either tyf)e of 
counter. A cjuenclung circuit is included, 
but does not impair the operation of 
Helf-<pH‘nching counters. 

CIRCUIT DETAILS 

As shown in Figure the quenching 
circuit of tlie 'rvPE 1500-A Counting- 
Hale Meter is a modified Neher-Ficker- 
ing circuit.* The vacuum tuln? V-1 
nonnally oi)erates at zero bitis, lait, when 
a counter discliarge occurs, the voltage 
ilrop in the resistor H-l causes the tula? 
to o]>eratc at cut-ofT, ami, since the im¬ 
pedance of the tube is increased, the 
total voltagi* drop is increase<|, and the 

•11. V. Neliof and W. 11 Piokcring. Phu»ienl Rmirw 53. 
31Ali (193S). 


voltage at the counter is maintained at 
a lower level for the time necessary to 
quench the counter tiischarge. 

Tlie resultant voltagi* pulx^s ai»f)ear- 
ing at lh(‘ cathode of V-1 are amplified 
ami applied to a motiified Eccli's^ordan 
pulse-shaping circuit* whose output 
pulses depend only for th(‘ir time dis¬ 
tribution on the input puLsi*s. The iM>si- 
tive output pulses art; all identical in 
shape ami magnitude, jmd when they 
are applieil to the grid of the next tul>e, 
\’-5, which is normally biased Ih*1ow 
cut-ofT, they cause corn^spiuiding plate 
current pulses to flow through the load 
resistor, H. A d-c voltage proportional 
to the average pulse rate is thus built up 
across the capacitor, C. For pulses 
spaced equall}' in time, the plate load 
voltage will assume a constant average 
value, but if the puls<'s an* distributed 
randomly with time the voltagi* will 
fluctuate widely al>out the average value. 
The capacitor, C, smootlis out thc*se 
fluctuations, and its size is chosen to 
give a giKwl compromise lx*tw(*t‘n speed 
of n*spon.se ami degree of smoothing. 
This capa«‘itor, desigm*d and built by 
the rieneral Hadio ('ompany, is wound 
with polystyrem* tape to avoiti dielectric 
polarization erroi's that other dielectric 
materials would introduce. Th(* rangf*8 
are varied by simultam'ously changing 
the plate load n*sistance, the grid bias, 

•W. II. Ecclea and F W. .Iordan. Radio Htfietc 1, 143 
( 1010 ). 
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and the amount of dep;eneration in the 
cathoih* circuit of V-5. A d-c vacmini- 
tui)e voltmeter across the U-(’ plate load 
of the averajxinj:; I'ircuit indicates the 
pulse rate and is calibrated in counts per 
minute. The full-scale ranj^es arc 2(X), 
2 .(M)(h t),00(), aiul 20,000 counts per 
minute. 

RECORDER 

.\n Flsterline-Anpis 5-nia pen-and-ink 
recorder can Ik' plup:p:t‘d in directly in 
series with the panel meter, and, since 
the calil>ration is linear, the recorder 
deflection will Ik? proportional to the 
coiuiting rate. While, a i-ecorder is not 
essential, its use is recommended, since, 
because nuclear transformations occur at 
random intervals, a detinite time is re- 
<iuired to obtain a mininiuni error in the 
determination of the average counting 
rate, no matter what the measuring 
method is. 

\ sample of the ri*sults to be expected 
is shown in Figure 4. The unevenness of 
the trace is an imlication of tlic random 
time distribution of nuclear transforma- 
tir)ns. The lower the counts per minute, 
the more irregular the trace will be, per¬ 
centage-wise, for a given running speerl 
of the pap(?r. Obviously, if the counting 
rate w(?re only one jier minute and ran¬ 
dom in time distribution, the trace 
would l>e very irregular indeed, unless 
the smoothing capacitance were very 
large. 

ACCURACY 

.V straight line can lx? drawn through 
the recorded data to indicate the average 
counting rate. The accuracy to be ex¬ 
pected is a function of the counting rate 

Figure 5. View of pre-amplifier and quenching circuit 
assembly with cover removed to show Type 1500-P2 
Beta-Ray Counter. Note the convenient orrangement 
for plugging in the counter tube. 


and of the recording time. After equilib¬ 
rium luLS lxK?n established, a recording 
time of about one minute is required at 
.50 counts per minute to yield an error 
of less than 2 p(*r c(?nt in the interpreta¬ 
tion of the results, wliereas a few sec¬ 
onds’ ol)serv^ation will Ik? suffici('nt at 
the high counting rates (greater than 
2 (M)0 counts per minute) to bring the 
error in the interpretation of the results 
down to a negligible value. In suldition 
to this statistical error, the accuracy of 
tlu* indicated result can lx* no greater 
than the full-scale accuracy of the meter 
itself. 4’his metering accuracy Is better 
than 3 per cent of full S(?ale. 

APPLICATIONS 

Prewar radioactivity applications were 
numerous. During the war nuclear phys¬ 
ics was utilized in many projects, in¬ 
cluding blood pre.servation, goiter diag- 
mjsls, radiotherapy, and, of course, the 
atomic bomb. Physicists, chemists, ge¬ 
ologists, biologists, botanists are now 
applying the many newly available 
radio-isotop(‘s to th(*ir particular prob¬ 
lems. Metallurgy, power engineering, 
cry^stallography, agriculture, oil .survey¬ 
ing, glass and plastics manufacturing, 
combustion engineering design, ore as¬ 
saying, and turbulence research are but 
a few more of the fields where radio¬ 
activity is proving vcr>' useful. 

The radio-isotope is useful for these 
punioses, Ixcause it has the same elec- 
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Iron system as its stable counterpart and 
consequently exhibits the same chemical 
properties. T>’pical uses of thtise isotopes 
are as elements in chemical 

reactions and in tracer work, and as 
radiation sources in radiotherapy. In 
these broad fudds of ai)plication, it is 
fortunate that many of the artificially 
radioactive isotopes are relatively short¬ 
lived since after each ex|a‘riinent the 
slate Ls automatically wiped clean. 
Iodine 131 has a half-life of eight days; 
phosphorus 32, fourteen days. Carlx)n 
14, however, is very long-lived: 5100 
years elapse before its activity is halved. 
Some 85 radio-isotope.s are now avail¬ 
able from the Oak Ilidgc Isotoi)es 
Branch. Over 450 isotopes have Ixicn 
produced by the various parti<4e accel¬ 
erators such as the cyclotron, synchro¬ 
tron, and betatron. 

Biologists have learned that cells 
whf^n* growth is rapid are particularly 
sensitive to irradiation, and that cells 
exhiliit specific al)sorption. Dasage of 
food or of medicine for a specific organ 
can consequently Ik' studioil readily by 
the tracer techni(|ue, and irra<liation 
can l>e selectively applied internally. 
For example, radio-therapeutic doses 
can Ije administeri'd that will get radio¬ 
active strontium to a bone tumor or 
radioactive iodine to the thyroid ghmd 


when local irradiation is needed. Tracer 
technique is proving usefid in studying 
sucli problems as how light can form 
sugars photcKsynthetically from carbon 
ilioxide and w^ater. 

The g('ologist has gleaned infonnation 
on the agt' of the earth from deposits of 
helium and pitchblende. The mineral¬ 
ogist has tabulated the relative abun¬ 
dance of the naturally radioactive iso¬ 
topes and Is using the infonnation for 
the ready analysis of the potassium 
content of salt dejwsits from various 
regions. The metallurgist is compiling 
valuable data concerning case-hanlen- 
ing,welling,alloying by tracer methods. 

Cosmic radiation, plentiful at all 
times, provides a continuous supply of 
very high energy radiat ion. Even so, the 
mutations attributed to casmic radiation 
are not sufficiently well controlled for 
the zoologist, who concentrates a railio- 
active l)eam on the Drasophila fruit fly 
to fathom in a short time the secrets of 
evolution that are other^vise dlsclos(*d 
only after eons of cosmic irradiation of 
the now human species. 

Further applications of nuclear phys¬ 
ics are daily iMung found. They are 
closely dei)endent on the use of elec¬ 
tronic measuring and counting instni- 
ments. 

— A, G. Bousquet 


SPECIFICATIONS 


Ranget Full scale values of 200, 600, 2000, 
rtiXK), aud 20,000 counts per minute are pro¬ 
vided. The minimum rate that can lie rea^l on 
the meter scale is .5 counts iier minute. 
Accuracy: The instrument has been calibrated 
with agenerator of equally-sp.aced pulses to yield 
an accuracy of of full scale on all ranges. 

Counter Tube: Counter is not included and must 
be ordered separately. Both beturray and gmn- 
nia-ray counteirs are available. See price list 
below. 

Counter Circuit Voltage: The voltage applied to 
the counter circuit is continuously a^ustable 


from 400 to 2000 volts. The value of the voltage 
is read from an eight-p<jsition switch and a cali- 
brateil di:U which covers the 200-volt interval 
between switch points. Means are provided for 
standardizing the voltage so that the accuracy 
of the voltage readings is within ±3% of the 
actual value. The power supply is well regu¬ 
lated so that line-voltage fluctuations do not 
cause changes in the high-voltage supply. 

Output: The output of the trigger circuit is 
available at re.ar terminals. The 400- to 2000- 
volt variable high-voltage supply is aJ.so avail¬ 
able at terminals at the rear of the instrument. 
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Aural Monitor: A small loudspeaker is mounted 
on the panel for use as an aural monitor. A con- 
1 ml, with an off position, is provided for adjast- 
ing the volume. 

Power Supply: 105 to 125 volts, 50 to GO cycles. 
By a simple change in connections on the power 
Iraii.sformer, a 210- to 250-volt line can he «ised. 


Power Input: GO wa 
Vacuum Tubes: 

5 —GS.J7 
1 — 6AG7 
1 — GX5GT/G 
1 — 2X2/879 

1500-A 
1S00.P2 
1500.P3 I 

*U. S. Pufcm No. 2.3: 


2 — 6,15 

1 — GCG 

2 — 991 

2 —0C3/VR-105 


Counting Rate Meter* 
Beta.Ray Counter 
Gamma.Ray Counter 

i,24S. 


Accessories Suppiied: Power connection cable; 
plug for recorder connection; preampliGer as- 
sembly, with connection cable. 

Accessories Required: Geiger Mueller coutitcr 
tube. See price list below. 

Mounting: The instrument is shipped with 
walnut end frames for table mounting. Relay- 
rack mounting is possible by removing the end 
frames. 

Dimensions: Panel, 19 X 8>4 inches; depth be¬ 
hind panel, 13 inches. 

Net Weight: 38' 'j pounds, including preampU- 
fier. 

_ Code IFnrd _ Price 

wouuY I $495.00 

. WOliUYUETAK 55.00 

WIJItllYnAM.MA 54.00 


THE NEW ELECTRICAL UNITS 


On January 1, 1948, tho National 
Bureau of Btandards, in cooperation 
with .similar organizations in other coun¬ 
tries, will introduce revised value's of 
the units of electricity and light. This 
change was schcduletl to go into effect in 
1940, but the project wiis delayed by the 
war. 

The electrical units of the present 
“internationar’ system will be super¬ 
seded by those of the “absolute” s>^tein, 
derived from the fundamental mechan¬ 
ical units of mass, length, and time by 
use of the accepted principles of electro¬ 
magnetism, with the value of the per¬ 
meability of space taken as unity in the 
ccntimetcr-grain-second system or as 
10 "’ in the meter-kilogram-second sys¬ 
tem. Actually, all of the common elec¬ 
trical units fall into the m-k-s system. 
This revision constitutes a return to the 
basic principle's, always recognized as 
tlesirable, of having the electrical units 
consistent with the fundamental mechan¬ 
ical units. 

The international units now in u.se 
were originally intended to Ijc exact 
multiples of the units of the centimeter- 


gnun-secoiiil .system, but the units were 
defined independently. The ampere, the 
ohm, and the volt were (kifined by ref¬ 
erence to three ph>^ical standarcls — the 
silver voltameter, a .specified column of 
mercury, and the Clark standard cell. 
The original definitions were not suf¬ 
ficiently specific to give the precision 
that eventually came .to Ix' required, 
with the rt^sult that the units as used 
differed slightly from the c-g-s svstem 
while, because of the independent def¬ 
initions, the units tlid not satisfy Ohm's 
law. 

This condition was recognized some 
forty years ago, and the units were rede¬ 
fined. The ohm as defined l)y the mer¬ 
cury column w^ius retained, as was the 
anqx're in terms of deposits of silver. 
The magnitude of the international volt 
was changed to make it con.'^istent w’ith 
the ampere and the ohm in the relation¬ 


ship 1 = 


E 

R’ 


4 'his revision achievetl con¬ 


sistency among the units, but did not 
correct the difference between the inter¬ 
national s^’stem and the c-g-s sj'stem. 
The revision of the units to accomplish 
this correction w’as iigreed upon as de- 
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sirahle by many scientific and enp;meiT- 
ing societies as early as twenty 3 'eurs ago 
and, since that time, plans for the change 
have L>e(‘n going forward. Aljsohite meas¬ 
urements of resistance and current have 
been made in various countries, and the 
results correlated by measurements made 
on the various national standards at the 
International Bureau of Weights and 
Measures. 

At its meeting in Paris in October, 
194fi, the International ('ommittee on 
Weights and Measui*e.s adopted the fol¬ 
lowing relations between the mean in- 
temational units and the new alksolute 
units: 

1 n»eiui int<»rnationjU ohm = 1.00049 ab.s. ohms 
1 me:ui inlenintionnl volt. = 1.00034 abs. volts 
The mean international units are the 
averages of units a.s maintauieil by six 
countri<‘8 (France, Germany, Great 
Britain, Japan, U. S. S. B., and U. S. A.), 
all of which took part in this work before 
the war. Each country’s units differ 
slightl}" from the average, and the con¬ 
version factors for the United States 
will be as follows: 

I intern.itional ohm = 1.0(X)495 alis. ohms 
I iriteniational volt = 1.00033 iibs. volts 
I inteniatiomil jimpcre * 0.999835 iibs. ampere 
I intematioiml henry = 1.000495 abs. heniya 


I international farad = 0.999505 al>s. farad 
1 international watt = 1.0001G5 abs. watts 
To convert tin* values of existing stand¬ 
ards to the new units, th<^ present valu(*s 
should l)e multiplied by these factors. 

It will Ik* S(H*n that for resistance, in¬ 
ductance, anti capacitance, tlu? magni¬ 
tude of the change is 0.05 per cent. This 
difference is large enough so that it can¬ 
not Ik? neglected in calibrations guar¬ 
anteed to 0.1 per cent or 0.25 per cent. 
Consequently, during the second half of 
1947, our calibrations of rt?sistoi*s, ca¬ 
pacitors, and inductors will gradually l)e 
cliangetl to the new alx^ohite units. Dur¬ 
ing 1947, the National Bureau of Stand¬ 
ards is specifying calibrations in both 
s^-stems of units, and our own standards, 
which are checked periodically by the 
Bureau, are being revalued in the new 
units. 

.\11 instruments listtal in Catalog K, 
will, in the future, lx* calibratetl in the 
new units anti when so calibratt'd ^^^ll 
carry the word “absolute” or the abbn*- 
viation *^abs.” tm their panels. All new 
instruments not as yet cataloged, will 
be calibrated in the new units, without 
s}M*cific .statenamt on their pmiels. 

— R. F. FlELo 
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